Background and Objectives: Exercise is a strong physiological stimulus that can affect apoptosis in the lungs by altering a number of extracellular and intracellular signaling pathways. The present study examined effects of regular aerobic exercise and vitamin D on expression of Bcl-2, Bax and caspase-3 in lung tissues of male rats exposed to hydrogen peroxide.
exercise may be associated with increased apoptosis and DNA damage, whereas regular physical activity has anti-apoptotic effects (21) . In addition to identifying the molecular mechanisms involved in antioxidant functions, it is important to understand how such mechanisms influence oxidative stress in the lungs, which could ultimately help discovery of novel treatment strategies. Considering the contradictory findings surrounding the effectiveness of different physical activities on tissue apoptosis, this research was designed to determine the oxidative stress response to exercise and the role of vitamin D supplementation on apoptosis markers. For this purpose, we evaluated effects of an 8week aerobic exercise program with and without vitamin D supplementation on apoptosis indices of lung cells in rats exposed to hydrogen peroxide.
MATERIALS AND METHODS
In an experimental trial, 48 male Winstar rats (8-10 months old) weighting 20-220 were purchased from the Shiraz University center for animals. The study was performed at the Kerman University of Medical Sciences, Iran. The animals were randomly placed in special polypropylene cages (16×30×42 cm). They were kept under standard conditions, controlled temperature (22 ± 2 °C) and a 12/12 h light/dark cycle. The animals had free access to food and water. Later, the animals were randomly assigned into six groups of eight rats per cage: control, hydrogen peroxide (H 2 O 2 ), hydrogen peroxide plus vitamin D (H 2 O 2 +D3), hydrogen peroxide plus aerobic exercise (H 2 O 2 +E), hydrogen peroxide plus vitamin D and aerobic exercise (H 2 O 2 +D3+E) and dimethyl sulfoxide (DMSO). The study received approval from the ethics committee of the Kerman University of Medical Sciences. The experimental groups were exposed to toxic conditions via intraperitoneal injection of 1 mmol/kg H 2 O 2 three times a week (22, 23) . The exercising rats performed the designed aerobic exercise program on a treadmill for 8 weeks 5 days per week. The rats in these groups were trained for two weeks on the treadmill at the speed of 10 to 15 meter per minute for 30 minutes to learn how to complete the exercise protocol. Then, they were assigned into6 group of 8 rats
INTRODUCTION
The lungs are constantly exposed to numerous harmful agents, such as cigarette smoke, mineral dust, ozone and harmful rays (1, 2) . The majority of reactive oxygen and nitrogen species are thought to be produced by phagocytes or polymorphic cells as well as alveolar, branches or endothelial cells in the lungs. Evidence shows that oxidative stress plays a significant role in the pathogenesis of lung diseases (3, 4) . The damage caused by oxidative stress is involved in numerous diseases including neurological disorders, diabetes, atherosclerosis, arthritis, inflammation and most importantly, many types of cancer (5) . Accumulation of reactive oxygen species (ROS) in cells results in activation of signaling pathways that regulate gene expression and alteration of protein synthesis/activity that eventually prepares the cell for adaptation to the new environment (6) or apoptosis (7) . Certain proteins are involved in the molecular pathways of apoptosis (8) . Members of the Bcl-2 family are the most important proteins involved in apoptosis regulation. These proteins are either anti-apoptotic (Bcl-2 and Bcl-XL) of proapoptotic (Bax, Bid). Activation of Bax and Bak results in increased permeability of the mitochondrial outer membrane and cytochrome c release from the intermembrane space into the cytosol (9, 10). This is followed by formation of apoptosome and activation of caspase-9 that can directly activate caspases-3 and -7 (11, 12). Vitamin D plays a significant role in maintaining homeostasis of different tissues including skeletal muscles, smooth muscles of vascular walls, myocardium and endothelium. It also has positive effects on cardiovascular function (15, 16). Recently, vitamin D has been identified as an antioxidant agent (13, 14) that might be associated with lung function. Low dietary intake of vitamin D and reduced sun exposure can influence the level of vitamin D and possibly the lung function (17) . It is well-established that regular physical activity has beneficial effects on endurance, efficiency and functionality of the lungs and the respiratory system as a whole (18, 19) . Almost all types of aerobic and anaerobic exercise can potentially increase oxidative stress in humans and animals, depending on the mode, intensity, duration and diet (20) . It has been suggested that intensive eccentric
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RNeasy Mini Kit (QIAGEN, Germany) according to the manufacturer's instruction. The extracted total RNA was kept at -20 o C until future analysis. To carry out the twostage PCR, RNA samples were first transformed into cDNA. Reverse transcription to cDNA was done using qRT-PCR high capacity RNA to cDNA kit according to the manufacturer's instructions. The two-step real time qPCR technique was used to calculate gene expression during the PCR amplification process with application of TaqMan reagent. Briefly, 1 µl (50 ng) cDNA, 5 µl of main buffer, 1 µl herprot gene and 3.5 µl RNasefree water were loaded in wells. The experiments were conducted in triplicate and in a Step One Plus real time PCR machine (Applied Biosystems, USA). The Real time PCR program included reverse transcription at 48 ºC for 15 min, activation of ampli Taq gold DNA polymerase at 95 ºC for 10 min, denaturation at 95 ºC for 15 sec and annealing at 60 ºC for 1 min. The denaturation and annealing steps were performed for 40 cycles. Beta-actin and GAPDH were used as housekeeping genes. Fold changes of each target gene per average of beta-actin and GAPDH were calculated and considered as mRNA expression levels. Data were analyzed according to the comparative Ct (2 -ΔΔCt ) method (35). Table 1 shows sequences of the primers used in this study. GraphPad Prism was used to analyze the data using parametric tests including one-way analysis of variance (ANOVA), Tukey's post hoc test and two-way ANOVA. All statistical analyses were performed at significance level of 0.05. per group. The exercise groups performed the exercise with 55 to 60 percent of their Vo2max for 49 minutes on the treadmill slope set to 10 degree. the speed of running gradually increased up to the point of exhaustion For the warm up and cooling down purpose, the animals ran for 5 minutes at 40% of their Vo2max (24) . In the first week of the exercise program, the animals ran at speed of 8 m/min and on 8 degree slope for 30 minutes. In the second week, the speed was increased to 10 m/min. The increase of speed and duration continued until the 5 th week when the subjects were running at 20 m/min for 60 min (24) . The rats in the HD and HDE groups received 0.5 µg intraperitoneal injection of vitamin D daily for eight weeks (25) . The vitamin D3 stock (300000 UI/ml) was purchased from the Caspian Co. (Tehran, Iran) under the generic name of Dithrecol. DMSO was used to make vitamin D3 soluble in normal saline, which was added to dilute the mixture to obtain the intended dose. A control groups received only DMSO to determine whether the solvent had any effect on the subjects. All animals were sacrificed and the lungs were removed for examination. Twenty-four hours after the last exercise session, the lungs were removed to avoid additional internal production of ROS (26, 27) . The samples were placed in liquid nitrogen and then stored at -75 o C for future examination. After washing the samples with phosphate buffer saline, the samples were placed in RNA stabilization solution (RNAlater, Ambion, L/N: 1206029). Total RNA was extracted from 30 mg of tissue (ideal weight) using the vitamin D group, but combination of exercise and vitamin D supplementation had no significant effect on Bcl-2 expression. Hydrogen peroxide caused a significant increase in the level of caspase-3 (P=0.0001). Caspase-3 level was significantly higher in the H group compared to the solvent (P = 0.0001) and control (P = 0.0001) groups. However, when 1mmol/kg hydrogen peroxide was administered, exercise had no significant effect on caspase-3. Vitamin D had no significant effect on caspase-3 expression. Moreover, combination of vitamin D supplementation and exercise had no significant effect on caspase-3 expression ( Figure 1 ). similar to results of a study by Fernandes that demonstrated increased Bcl-2 and decreased Bad expression can control apoptosis (31). Inconsistent with our findings, Phaneuf and Leeuwenburgh reported that Bcl-2 decreases and Bax increases immediately after exercise (32). This difference in the results could be attributed to the duration of the exercise programs (32). Considering the fact that Bcl-2 prevents the increase in Bax, it seems that the increase in Bcl-2 may be involved in the Bax suppression (33). It has been shown that Bcl-2 itself does not act as an antioxidant and may have indirect effects on intracellular antioxidant activities. In line with our findings, a study showed that intensive exercise impairs homeostasis and is associated with increased oxidative stress (34, 35). Fisher et al. also demonstrated that
RESULTS
The results of one-way ANOVA indicated a significant difference in the mean level of Bax expression (P=0.0001). The Tukey's post hoc test results showed that Bax was significantly overexpressed in the solvent (P=0.001) and control (P=0.002) groups. The results of two-way ANOVA indicated that both exercise and vitamin D significantly decreased Bax expression. Bcl-2 expression in the H group was significantly less than in the solvent (P=0.046 ( and the control group (P=0.043). Administration of hydrogen peroxide (1mmol/kg) and exercise program significantly increased Bcl-2 expression. Bcl-2 overexpression was also observed in the
DISCUSSION
The present study examined the effects of exercise, vitamin D and artificially induced oxidative stress on Bax, Bcl-2 and caspase-3 expression in the lungs of rats. Regular exercise increases the resistance of respiratory muscles, which improves respiratory function and maximum exhalation output (28) . In our study, hydrogen peroxide-induced oxidative stress resulted in an increase in Bax expression. It is well-demonstrated that oxidative stress can trigger apoptosis (29) . Combination of exercise and vitamin D caused a significant decrease in Bax expression, which indicates the potential anti-apoptotic effect of the eight-week aerobic exercise program. As a proapototic protein, Bax is disruption and release of cytochrome C into cytozole. It also binds to Bcl-2 and prevents its anti-apoptotic activity (30). Our findings are 
CONCLUSION
In summary, the results of this study showed that oxidative stress induced by hydrogen peroxide injection results in lung inflammation that may alter expression of Bcl-2, Bax, caspase-3. Combination of aerobic exercise and vitamin D may play a protective role against apoptosis in the lungs. However, further studies on other factors involved in apoptosis are required to confirm this finding.
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The authors declare that there is no conflict of interest regarding publication of this article. intensive interval training increases oxidative stress in cells (36). Free oxygen radicals can cause DNA damage and apoptosis in different organs, including the lungs (37). While such outcome is expected following intensive training, mild or moderate physical activities are thought to exert anti-apoptotic effects in different tissues (38, 39) . In our study, aerobic exercise and vitamin D supplementation did not alter caspase-3 expression significantly. This may indicate the protective role of aerobic exercise against apoptosis in the lungs. Several mechanisms have been proposed for such protective role, including altered expression of anti-and pro-apoptotic proteins, increased mitochondrial biogenesis, improved mitochondrial function, decreased ROS level and increased antioxidant level (21) . It has been suggested that supplementary antioxidants following internal antioxidant depletion are effective in improving performance; however, once the normal level of antioxidants is restored, it is unlikely to have any notable benefit (40). 
